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Objective: To evaluate whether the inoculation of contaminated cultures in the perito-
neal cavity of mice could implement decontamination of Acanthamoeba cultures.
Methods: Suspensions of Acanthamoeba, Acanthamoeba polyphaga ATCC 30461, or
Acanthamoeba spp. isolated from soil (UnB13 strain) were inoculated in the peritoneal
cavity of Swiss mice (n = 24). After 1, 6, 12, or 24 h of exposure the peritoneal cavity was
washed and assessed for the presence of bacteria, fungi, and Acanthamoeba.
Results: After 1 h of intraperitoneal inoculation at least 97% of the bacteria and 96% of
the fungi (P < 0.05) and 99% of the bacteria (P < 0.05) were successfully eliminated
from the ATCC 30461 strain and from the soil isolate UnB13 strain, respectively. This
method also allowed the recovery of most trophozoites and cysts from both Acantha-
moeba cultures at the end of 24 h.
Conclusions: Our data demonstrated that this technique has great potential for decon-
tamination of Acanthamoeba cultures in a short period of time.1. Introduction
The determination of the pathogenic potential of free-living
amoebae is crucial to establish mechanisms of prevention and
even to propose new therapeutic strategies for the diseases
caused by these pathogens [1]. Although the isolation and
cultivation of free-living amoebae collected from the environ-
ment is relatively easy, the frequent presence of contaminant
opportunistic microorganisms, such as bacteria and fungi, poses
an everlasting problem in the early moments of the primary
isolation assays of ﬁeld samples. In such circumstances, suc-
cessful in vitro cultivation is time-consuming and requires agreat deal of work. As a result, studies focusing on the patho-
genicity of new isolates fail very often.
The peritoneal cavity concentrates a large population of
macrophages [2,3], which are the main cells involved in the
innate immune defense against microorganisms [4], including
amoebae. In vitro assays have proven that macrophages are
able to lyse or phagocytize amoebae [5], but despite the
microbicidal mechanisms of macrophages to control the
infection, such as the secretion of chemokines and cytokines,
the Acanthamoeba produces peptidases that degrade these
substances, also, it could lyse or induce the macrophages to
apoptosis, especially when the parasites are not sensitized [4,6].
The presence of microbes in the peritoneal cavity leads to the
chemotaxis of monocytes/macrophages and neutrophils, and
also stimulates phagocytosis by resident macrophages and the
arrival of new phagocytes to control infections. Considering that
amoebae may escape from phagocytes and survive, we hy-
pothesized that the inoculation of a culture of Acanthamoeba
contaminated with bacteria and/or fungi in the peritoneal cavity
could be an easy way for decontamination of this culture.an open access article under the CC BY-NC-ND
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cavity of mice would be effective for bacterial and fungal
decontamination of Acanthamoeba cultures.
2. Materials and methods
2.1. Acanthamoeba cultures
A culture of the reference Acanthamoeba polyphaga
(A. polyphaga) strain ATCC 30461, contaminated with bacteria
and fungi by manipulation, and a culture of Acanthamoeba spp.
isolated from soil samples at the University of Brası´lia, UnB13
strain (GenBank database JQ268234) [1], contaminated with
bacteria, were used. Both cultures were maintained at 25 C in
non-nutrient agar (Merse, São Paulo, SP, Brazil) covered with
autoclaved Escherichia coli, without antibiotics or antifungal
agents. Amoebae cysts, bacteria, and fungi were quantiﬁed in a
hemocytometer.
2.2. Fungal and bacterial identiﬁcation
The identiﬁcation of fungal species is regularly carried out by
using microscopic observation of their morphological features,
especially the reproductive structures, stained with lactophenol
cotton blue [7]. The fungal cells were grown in Sabouraud
dextrose agar (BD-Difco, Franklin Lakes, NJ, USA), the cells
were collected, stained with lactophenol cotton blue, and
observed under a 40× objective of an optical microscope
(Nikon Instruments Inc., Japan).
The bacterial cells contaminating the cultures of A. polyphaga
were grown in lysogeny broth medium (1.0% tryptone, 0.5%
yeast extract, 1.0% sodium chloride, pH 7.0), Gram stained, and
observed under a 100× objective of an optical microscope (Nikon
Instruments Inc., Japan). Several different species of Gram-
positive and Gram-negative cocci and bacilli were observed.
No attempts were made to identify the bacteria at species level,
since they were contaminants and not the main focus of our
research.
2.3. Decontamination test
The Animal Research Ethical Committee of the University of
Brasilia approved the experimental protocol of this work (pro-
cess number 43036/2010). Two groups of female adult Swiss
mice (n = 48), aged (3.6 ± 0.5) months and weighing
(27.8 ± 1.3) g, were used to evaluate the capacity of the peri-
toneal cavity for microbe decontamination of Acanthamoeba
cultures. Group 1 consisted of 24 mice inoculated intraperito-
neally with a contaminated culture of A. polyphaga ATCC
30461 strain. Group 2 consisted of 24 mice inoculated intra-
peritoneally with a contaminated culture of Acanthamoeba spp.
(UnB13). The peritoneal cavity of 6 animals per time (1, 6, 12,
or 24 h after inoculation) in each group was washed to assess
amoeba capacity to survive and the level of decontamination of
the suspension recovered. The animals were kept in a 12 h dark/
light cycle, at ambient temperature, and received balanced
nutrition and water, which were offered ad libitum.
The peritoneal cavity of Swiss mice (n = 6) was inoculated
with 1 mL aliquots of suspensions of A. polyphaga ATCC
30461 (contaminated with bacteria and fungi) or Acanthamoeba
spp. UnB13 strain (contaminated with bacteria) cultures, theformer containing 11 × 104 amoeba cysts and the contaminants
Aspergillus nidulans (A. nidulans) (28 × 105), Gram-positive
and Gram-negative bacteria (13 × 106), and the latter contain-
ing 16 × 104 amoeba cysts and trophozoites, Gram-positive and
Gram-negative bacteria (24 × 106) as contaminants. After 1, 6,
12, or 24 h of inoculation, six mice/group were anesthetized with
80 mg/kg of ketamine (Holliday Scott SA, Buenos Aires,
Argentina) and 10 mg/kg of xylazine (Syntec do Brasil Ltda,
Cotia, SP, Brazil), and the peritoneal cavity was washed with
12 mL of cold phosphate buffered saline pH 7.2. The suspension
recovered from the peritoneal cavity (10 mL) of each animal was
centrifuged at 1 198 r/min at 4 C (Sorvall Mach 1.6, Thermo
Scientiﬁc Sorvall, Watham, MA, USA) for 15 min and sus-
pended in 1 mL. After homogenizing the suspension, 40 mL
aliquots were analyzed in a hemocytometer chamber without
previous staining to quantify amoebae, bacteria, and fungi. The
results were expressed as the percentage of microbes recovered
from the peritoneal cavity of mice in relation to the number of
inoculated microbes.
2.4. Statistical analysis
The Bartlett's test and the Kolmogorov–Smirnov test were
respectively applied to verify the homogeneity of variances and
the normality of their distribution before the comparative anal-
ysis. The analyses were performed using the Kruskal–Wallis
test, followed by Dunn's method to compare multiple unrelated
non-normal samples. Differences with a two-tail P-value < 0.05
were considered statistically signiﬁcant. The Prism 5® software
package (GraphPad, San Diego, CA, USA) was employed to
perform the statistical tests and the graphical design of the data.
3. Results
3.1. Recovery of A. polyphaga
The peritoneal cavity of mice was effective for bacterial and
fungal decontamination of A. polyphaga cultures, whereas
A. polyphaga remained alive. The percentages of amoeba cysts
and trophozoites recovered from the peritoneal cavity of mice
were reduced by 36.4% and 18.2% 6 h and 12 h after inocula-
tion, respectively (P < 0.05), while 1 h and 24 h after inoculation
the percentages recovered were similar to the inoculum (50.0%
and 72.7%, respectively; P > 0.05) (Figure 1A).
Samples were stained with lactophenol cotton blue which were
able to visualize septated and hyaline hyphae and brown co-
nidiophores with columnar conidial heads compatible with the
features described for A. nidulans. The percentage of fungi recov-
ered from the peritoneal suspension, compared to the inoculum
(100%), showed that regardless of the time of inoculation in the
peritoneal cavity (1, 6, 12, or 24 h) the technique was efﬁcient to
remove these microbes, since the median values for all times
analyzed was zero. The median of the percentage of fungi was zero
in 92% of the peritoneal suspensions analyzed and, except for 2
outliers observed 1 h (0.4%) and 6 h (4.3%) after inoculation, in all
the other suspensions no fungi were recovered (Figure 1B).
Our results also showed that, compared to the inoculum
(100%), the percentages of bacteria present in the peritoneal
suspension recovered were reduced after 1 h (0.8%), 6 h (0.0%),
and 12 h (0.7%) (P < 0.05), but not after 24 h (2.4%) (P > 0.05)
(Figure 1C). The elimination of 100% of bacteria was observed
Figure 1. Quantiﬁcation (%) of microbes in peritoneal suspension as a function of time.
Cultures containing (A): A. polyphaga (ATCC 30461) (11 × 104); (B): A. nidulans (28 × 105); (C): Gram-positive and Gram-negative bacteria (13 × 106)
were inoculated in the peritoneal cavity of 6 Swiss mice per time of recovery (n = 24); The peritoneal cavity was washed and 10 mL of each suspension was
recovered from the animals 1, 6, 12, or 24 h after inoculation. The results, analyzed by the Kruskal–Wallis test followed by Dunn's method, showed that the
percentages of amoebae were reduced 6 and 12 h after inoculation (P < 0.05), the percentages of fungi were zero (P < 0.05), except for two outliers observed
1 and 6 h after inoculation, and the percentages of bacteria were reduced after 1, 6, and 24 h (P < 0.05). Data are represented as medians, quartiles, and
extreme values; *: P < 0.05.
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other suspensions the elimination reached 94%.
3.2. Recovery of Acanthamoeba spp. (UnB13)
The percentages of cysts and trophozoites of Acanthamoeba
spp. (UnB13) obtained from the peritoneal cavity after 1 h
(93.8%), 6 h (109.4%), 12 h (115.7%), or 24 h (50.1%) were
similar to the inoculum (100%; P > 0.05) (Figure 2A).Figure 2. Quantiﬁcation (%) of microbes in peritoneal suspension as a
function of time.
Cultures containing (A): Acanthamoeba spp. (UnB13) (16 × 104); (B):
Gram-positive and Gram-negative bacteria (24 × 106) inoculated in the
peritoneal cavity of 6 Swiss mice per time of recovery (n = 24); The peri-
toneal cavity was washed and 10 mL of each suspension was recovered from
the animals 1, 6, 12, or 24 h after inoculation to analyze the decontamina-
tion. The results, analyzed by the Kruskal–Wallis test followed by Dunn's
method, showed that the percentages of recovered amoebae 1, 6, 12, or 24 h
after inoculation were statistically similar to the inoculum, whereas the
percentages of recovered bacteria were signiﬁcantly reduced 1, 6, 12, or 24 h
after inoculation (P < 0.05). Data are represented as medians, quartiles, and
extreme values; *: P < 0.05.Moreover, compared to the inoculum (100%), the percent-
ages of bacteria present in the peritoneal suspension recovered
were reduced after 1 h (0.0%), 6 h (0.2%), 12 h (0.0%), or 24 h
(0.0%; P < 0.05) (Figure 2B). In 16 out of 24 peritoneal sus-
pensions analyzed, 100% of the bacteria initially present were
eliminated, while in the remaining 8 peritoneal suspensions
recovered the elimination reached 99.8%.
4. Discussion
The present study showed, for the ﬁrst time, the potential
utility of the peritoneal cavity of mice for decontamination of
Acanthamoeba cultures. According to our data, 1 h after intra-
peritoneal inoculation, at least 97% of the bacteria and 96% of
the fungi and 99% of the bacteria were successfully eliminated
from the ATCC 30461 strain and from the soil isolate UnB13,
respectively. All the fungi were eliminated in 92% of the peri-
toneal suspensions recovered from the animals inoculated with
the ATCC 30461 strain. All the bacteria were eliminated in 67%
of the peritoneal suspensions recovered from the animals inoc-
ulated with the UnB13 isolate. Although the peritoneal cavity
was effective for decontamination of both samples of Acantha-
moeba, our results showed a decrease in the percentage of re-
covery of the strain ATCC 30461 6 or 12 h after intraperitoneal
inoculation, while the recovery of the soil isolate UnB13 did not
differ from the inoculum at the different times tested.
Conventional antibiotics normally eliminate contaminating
microbes, but their persistence in some cultures can cause dif-
ﬁculty in studies involving amoebae, since these microbes may
acquire resistance to these antibiotics, and therefore the
contaminated cultures are commonly discarded in laboratories of
research, leading to sample loss. Given that this study proved
intraperitoneal inoculation to be a fast and efﬁcient method for
decontamination of amoeba cultures, and considered the difﬁ-
culties encountered for isolating amoebae from contaminated
cultures with microorganisms that are resistant to conventional
antibiotics, this technique may be of great importance for the
continuity of such studies.
The efﬁciency of peritoneal macrophages to recognize and
eliminate microbes was observed in the peritoneal suspensions
recovered from most animals inoculated with Acanthamoeba
(ATCC 30461 and UnB13) cultures contaminated with bacteria
and/or fungi. The peritoneal cavity is rich in macrophages [2],
and the innate immune defense is triggered when the host is in
contact with infectious agents, such as bacteria and fungi,
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recognize ligands (molecular patterns) on the cell membranes
of microbes and receptors that bind to opsonins, such as
complement components and the Fc portion of
immunoglobulin G. This recognition promotes the process of
endocytosis of microbes by forming pseudopodia and, once
ingested, they are subjected to the enzymatic complex of
lysosomes [8,9] and to reactive oxygen and nitrogen toxic
molecules [10–13]. Concomitantly, macrophages recruit other
leukocytes to the site of infection [14] by releasing cytokines
and chemokines. It is possible that the coordinated action of
lysosomal enzymes, production of reactive oxygen and
nitrogen species, cytokines and chemokines contributed for
bacterial and fungal decontamination of the suspensions
recovered from the peritoneal cavity of mice.
Although the method employed in this study eliminated
most bacteria, 2.4% of the contaminant bacteria still persisted
in the suspension obtained 24 h after inoculation with
A. polyphaga ATCC 30461, while at least 99.8% of the bac-
teria contaminating the Acanthamoeba spp. (UnB13) culture
were eliminated. The higher percentage of bacteria that
remained in the peritoneal cavity of animals inoculated with
ATCC 30461 culture evidences the possible higher virulence of
microbes that have been selected for a long time in culture
media with antibiotics. On the contrary, the bacteria found in
the soil isolate UnB13 were more easily subjected to the
microbicidal mechanisms of macrophages, possibly due to their
lower virulence. Another possibility to explain the increased
virulence of bacteria is their endosymbiotic interaction with
Acanthamoeba [15].
It is important to note that, similarly to the bacteria and
fungi, both Acanthamoeba samples were also exposed to the
same microbicidal mechanisms of the phagocytes during the
time they remained in the peritoneal cavity. However, our re-
sults showed that they escaped from these defense mechanisms
and most of them were recovered up to 24 h after inoculation.
This result may demonstrate the resistance of Acanthamoeba
cysts to alterations in temperature, pH, and antimicrobial ac-
tions [16]. These ﬁndings suggested the efﬁciency of 2 layers of
polysaccharides (cellulose) in the cell wall of amoeba cysts to
escape from phagocytes [17,18]. Despite escaping from
recognition and elimination by phagocytes, it is possible that
part of the inoculated cysts were eliminated by phagocytic
cells.
The similar percentages of Acanthamoeba spp. (UnB13)
collected from the peritoneal cavity 6 h (103.2 ± 21.9)% or 12 h
(106.3 ± 33.5)% after inoculation, compare to the inoculum,
could result from the reproduction of trophozoites or their
transformation from the cysts in the peritoneal cavity of mice.
This suggested that trophozoites could multiply into the perito-
neal cavity even when subjected to phagocytosis by peritoneal
macrophages. However, despite the presence of trophozoites in
the inoculum of Acanthamoeba spp. (UnB13), our results
showed that 24 h after inoculation their number was reduced
almost by 50% in the peritoneal suspension. This result
demonstrated the possible low resistance of trophozoites to the
microbicidal mechanisms of phagocytes, since they have a sin-
gle layer of polysaccharide in their cell membrane [19]. Another
plausible explanation would be that part of the inoculated cysts
left the peritoneal cavity and reached other organs via
bloodstream.In conclusion, our data demonstrated that the procedure using
the peritoneal cavity of mice has potential for bacterial and
fungal decontamination of Acanthamoeba cultures. Besides
eliminating bacteria and fungi, this method allows the recovery
of cysts in a short period of time and promotes the acquisition of
trophozoite forms in the peritoneal suspension. Our results point
to an up-and-coming technique to be employed in parasitolog-
ical research at low cost, with high efﬁciency, and accessible
even in modest laboratories.
Conﬂict of interest statement
We declare that we have no conﬂict of interest.
Acknowledgments
The authors are grateful to Foundation for Research Support
(FAP-DF) and National Counsel of Technological and Scientiﬁc
Development (CNPq), Grant PPSUS/2004 193.000.036/2005,
and to Mr. Lucas Souza Ku¨ckelhaus for reviewing the English
language of the manuscript.
References
[1] Alves Dde S, Moraes AS, Nitz N, de Oliveira MG, Hecht MM,
Gurgel-Gonçalves R, et al. Occurrence and characterization of
Acanthamoeba similar to genotypes T4, T5, and T2/T6 isolated
from environmental sources in Brası´lia, Federal District, Brazil.
Exp Parasitol 2012; 131: 239-44.
[2] Murray PJ, Allen JE, Biswas SK, Fisher EA, Gilroy DW, Goerdt S,
et al. Macrophage activation and polarization: nomenclature and
experimental guidelines. Immunity 2014; 41(1): 14-20.
[3] Fieren MWJA. The local inﬂammatory responses to infection of the
peritoneal cavity in humans: their regulation by cytokines, macro-
phages, and other leukocytes.Mediat Inﬂamm 2012; 2012: 976241.
[4] Sellge G, Kufer TA. PRR-signaling pathways: learning from mi-
crobial tactics. Semin Immunol 2015; 27(2): 75-84.
[5] Hurt M, Proy V, Niederkorn JY, Alizadeh H. The interaction of
Acanthamoeba castellanii cysts with macrophages and neutrophils.
J Parasitol 2003; 89: 565-72.
[6] Harrison JL, Ferreira GA, Raborn ES, Lafrenaye AD, Marciano-
Cabral F, Cabral GA. Acanthamoeba culbertsoni elicits soluble
factors that exert anti-microglial cell activity. Infect Immun 2010;
78: 4001-11.
[7] Campbell CK, Johnson EM, Warnock DW. Identiﬁcation of
pathogenic fungi. 2nd ed. Chichester: Wiley-Blackwell; 2013.
[8] Rosadini CV, Kagan JC. Microbial strategies for antagonizing toll-
like-receptor signal transduction.CurrOpin Immunol2015;32: 61-70.
[9] Trda´ L, Boutrot F, Claverie J, Brule´ D, Dorey S, Poinssot B.
Perception of pathogenic or beneﬁcial bacteria and their evasion of
host immunity: pattern recognition receptors in the frontline. Front
Plant Sci 2015; 6: 219.
[10] Weidinger A, Kozlov AV. Biological activities of reactive oxygen
and nitrogen species: oxidative stress versus signal transduction.
Biomolecules 2015; 5(2): 472-84.
[11] Ferrari CK, Souto PC, França EL, Honorio-França AC. Oxidative
and nitrosative stress on phagocytes' function: from effective de-
fense to immunity evasion mechanisms. Arch Immunol Ther Exp
Warsz 2011; 59: 441-8.
[12] Iwasaki A, Medzhitov R. Control of adaptive immunity by the
innate immune system. Nat Immunol 2015; 16(4): 343-53.
[13] Allen JE, Sutherland TE. Host protective roles of type 2 immunity:
parasite killing and tissue repair, ﬂip sides of the same coin. Semin
Immunol 2014; 26(4): 329-40.
[14] Kang JW, Kim SJ, Cho HI, Lee SM. DAMPs activating innate
immune responses in sepsis. Ageing Res Rev. Forthcoming 2015.
Daniella de Sousa Mendes Moreira Alves et al./Asian Pac J Trop Biomed 2015; 5(10): 796–800800[15] Siddiqui R, Khan NA. War of the microbial worlds: who is the
beneﬁciary in Acanthamoeba-bacterial interactions? Exp Parasitol
2012; 130(4): 311-3.
[16] Aksozek A, McClellan K, Howard K, Niederkorn JY,
Alizadeh H. Resistance of Acanthamoeba castellanii cysts to
physical, chemical, and radiological conditions. J Parasitol 2002;
88: 621-3.[17] Lloyd D. Encystment in Acanthamoeba castellanii: a review. Exp
Parasitol 2014; 145(Suppl): S20-7.
[18] Siddiqui R, Khan NA. Biology and pathogenesis of Acantha-
moeba. Parasit Vectors 2012; 5: 6.
[19] Siddiqui R, Dudley R, Khan NA. Acanthamoeba differentiation: a
two-faced drama of Dr Jekyll and Mr Hyde. Parasitology 2012;
139(7): 826-34.
